Study Objectives: Health care complexity includes dimensions of patient comorbidity and the level of services needed to meet patient demands. Home sleep apnea tests (HSAT) are increasingly used to test medically uncomplicated patients suspected of having moderate to severe obstructive sleep apnea (OSA). Patients with significant comorbidities or other sleep disorders are not candidates for HSAT and require attended in-center polysomnography. We hypothesized that this trend would result in increasingly complex patients being studied in sleep centers. Methods: Our study had two parts. To ascertain trends in sleep patient comorbidity, we used administrative diagnostic codes from patients undergoing polysomnography at the Mayo Clinic Center for Sleep Medicine from 2005 to June 2015 to calculate the Charlson and the Elixhauser comorbidity indices. We measured the level of services provided in two ways: (1) in a subset of patients from the past 2 months of 2015, we evaluated correlation of these morbidity indices with an internally developed Polysomnogram Clinical Index (PSGCI) rating anticipated patient care needs from 0 to 3 and (2) we measured the sleep study complexity based on polysomnography protocol design. Results: In 43,780 patients studied from 2005 to June 2015, the Charlson index increased from a mean of 1.38 to 1.88 (3.1% per year, P < .001) and the mean Elixhauser index increased from 2.61 to 3.35 (2.5% per year, P < .001). Both comorbidity indices were significantly higher at the highest (Level 3) level of the PSGCI (P < .001), and sleep study complexity increased over time.
are increasingly being diagnosed with HSAT, it follows that patients with comorbidities and those with central sleep apnea, hypoventilation syndromes, and developmental or neurologic disorders might preferentially be aggregated into sleep centers where attended polysomnography is performed.
Most sleep centers are best equipped to provide care for medically uncomplicated ambulatory patients. Staffing and testing models listed in accreditation standards for sleep centers have not changed significantly in the past decades. The staffing and technical specifications for sleep laboratories were updated in 2016 by the American Academy of Sleep Medicine (AASM). 4 The document recommends a 2:1 patient technologist ratio, but also stipulates that technologist staffing must be adequate to address the workload of the facility and ensure the safety of patients. As the medical complexity of patients served by a sleep center increases, there may be increased requirements for respiratory and nursing needs. For example, most sleep centers are not equipped with safe patient handling equipment particularly needed in bariatric patients or those with impaired mobility. 5, 6 Managing fall risks may require increased staffing levels. 7 Patients with cognitive or behavioral problems may require skill sets for care not often included in respiratory therapy or sleep technologist training. Given these concerns, it would be important to determine if there are trends toward increased patient morbidity served in sleep centers, and even more, to determine if there was a way to anticipate needs in order to enhance patient safety and quality of care.
Although it is widely accepted that patients interacting with the health care system have become more complex over time, there is no widely accepted definition of complexity. [8] [9] [10] Most recent efforts to characterize patient complexity acknowledge several axes of importance, including coexistence of multiple medical illnesses, mental illnesses, substance addiction, socioeconomic challenges, and/or behaviors or traits that complicate care for chronic medical illnesses, and even prior costs of care. 10, 11 We approached the measurement of health care complexity in two ways. First, we used indexes of comorbidity to represent the disease burdens of patients being tested. Second, we developed measures to represent the complexity of services rendered during testing.
Comorbidity may be defined as the total burden of illness unrelated to the principal diagnosis. Typically, comorbidity scores have been used to adjust for confounding conditions that affect the outcome variable of interest. The Charlson comorbidity index was developed on a cohort of cancer patients by identifying numerous clinical conditions through review of hospital charts and assessing their value to predict mortality in 1 year. 12, 13 It is a weighted index, constructed from over 19 comorbid conditions. Comorbidities are weighted from 1 to 6 for mortality risk and disease severity, and then summed to form the total score, an estimator of disease burden. Extracting from administrative data, it combines comorbidities into a single numeric score stratifying patients into subgroups based on disease severity. The index has been validated in large databases and can be used with International Classification of Diseases (ICD)-9-CM and ICD-10 codes. The index is both reliable and valid and has been widely used in prior research, including in development of models to predict costs for chronic illness as a measure of health care utilization among primary care patients. 14 Elixhauser et al. developed a comorbidity index composed of a comprehensive set of 30 comorbidities defined using ICD-9-CM diagnosis codes from administrative data on a cohort of national hospital inpatients. 15 The index can be calculated using both ICD-9-CM and ICD-10 codes. The index correlates with length of stay, hospital charges, and mortality both for heterogeneous and homogenous disease groups with disparate principal diagnoses. [16] [17] [18] The Elixhauser index uses both diagnosis-related groups and secondary ICD-9-CM diagnostic codes from inpatient claims to identify 30 unweighted comorbidity indicators to produce a comorbidity count. Our adaptation of the Elixhauser index also incorporates diagnostic codes from prior ambulatory care episodes.
We chose to use both Charlson comorbidity index and the Elixhauser index as these two indices adequately capture comorbidity profile for both outpatient and inpatient settings and could provide complementary information. Although the Charlson index was developed to focus on chronic comorbid conditions related to mortality and has more applicability to the ambulatory or outpatient setting, the Elixhauser index was constructed using hospital inpatients focused on the effect of both chronic and acute comorbidities on resource use and inpatient outcomes. By choosing these two indices we thought we were adequately capturing the medical complexity of patients based on data abstracted from our administrative databases.
One definition of the complex patient was offered by Weiss, as "one for whom clinical decision-making and required care processes are not routine or standard." 19 Neither of the aforementioned indices incorporates a measure of the care services directly associated with the specific episode of care. Therefore, we developed two measures directly reflecting the intensity of services required to provide the comprehensive attended polysomnography. The first was designed from the perspective of the sleep technologists providing services during polysomnography, which we call the Polysomnogram Clinical Index (PSGCI), and which will be described in the next paragraphs (Figure 1) . We also generated a sleep study complexity measure for individual sleep studies using a Likert scale based on the study protocol and type of positive airway pressure employed during the study (see Methods, Table 1 ).
Our study examined whether there has been a change in the medical complexity or sleep test complexity of patients studied in a tertiary sleep laboratory over the past 10 years. Further, we evaluated how well our PSGCI correlated with the sleep complexity measure or Charlson and Elixhauser comorbidity indices. We also examined if complexity as measured from the Likert scale based on study protocol and type of positive airway pressure (PAP) therapy titration increased over time and if this measure correlated with our PSGCI. We hypothesized that the comorbidity indices have increased over time, and that the complexity of care during a polysomnography would correlate with the degree of comorbidity in our sleep center patients.
M ETHO DS
Data from the electronic medical records were extracted for all patients studied at the Mayo Clinic Center for Sleep Medicine's sleep laboratory in Rochester, Minnesota from January 2005 through June 2015. Patients were identified using administrative claims data, capturing all adult (age 18 years or older) patients with polysomnography (CPT codes 95810 and 95811). Each polysomnogram was treated as a discreet record. Multinight studies were counted for each night.
At the Mayo Clinic Center for Sleep Medicine all patients undergoing polysomnography are first seen in consultation by sleep specialists, who subsequently provide customized orders for sleep testing. Included in the orders are requests for specific diagnostic monitoring and therapeutic interventions. To assist in operational planning for each night's staffing and equipment needs, we had previously developed the PSGCI (Figure 1) . A score from zero to 3 is assigned based on the polysomnography orders generated by the sleep specialist, who is familiar with the patient's entire medical history. The default score is zero and indicates a routine patient with no additional requirements. A score of 1 is assigned when fall precautions are required. A score of 2 is assigned if fall precautions and additional assistance (eg, patient may require help with ambulation, reorientation, assistance with nebulizer therapy, etc.) may be required through the night. Finally, a score of 3 denotes an in-hospital study wherein the patient has need for clinical and nursing services through the night. This score was developed to assist the lead technologist to plan for staffing and equipment needs for each night's laboratory operations. Elements of the PSGCI were prospectively captured and calculated for October and November 2015.
Sleep laboratory data available between 2009 and 2016 were also analyzed to create a sleep study complexity measure. Based on these data each discreet study was assigned a Likert scale based value, which was determined based on the study protocol and the type of PAP deployed as displayed in Table 1 . The sleep study complexity measure was assigned to individual studies based on our (BC, TIM) clinical judgement of what was perceived to be a more complex study. For example, a diagnostic polysomnogram was assigned a lower rating than a polysomnogram with a parasomnia protocol, which in turn was assigned a lower rating compared to a split-night study where continuous PAP and auto-adjusting PAP were both tried. When PAP therapy was used, the highest level of PAP therapy employed was considered to evaluate the study in terms of complexity.
To assess possible changes in the clinical complexity of patients over time, all diagnoses (ICD-9 code prior to October 2015 and ICD-10 codes after that date) billed within Mayo Clinic (both clinic and hospital) during the 3 years prior and 30 days following the sleep study were included. These diagnoses were used to calculate the Charlson comorbidity index and the Elixhauser comorbidity count. 12, 15 The ICD-9 codes utilized included ischemic heart disease (ICD-9 codes 410.X-414.X), history of stroke or cerebrovascular disease (430.X, 431.X, 432.X, Table 1 -Assessment of sleep study complexity based on type of study protocol and type of PAP therapy used. 434.X, 435.X, 436.X, and 437.1), valvular disease (424.0-424.3), heart failure (428.X), hypertension (401.X-405.X), chronic pulmonary disease (490.X-505.X, 506.4), history of depression (296.2X, 296.3X, 300.4, 309.1, and 311), diabetes (250.X), plegia (344.00-344.1), or movement disorders (333.0, 332.X). These scores would best capture any clinical complexities such as oxygen dependency or paraplegia or quadriplegia that would have been present on the night of the study.
In addition, we extracted each patient's body mass index (BMI) using the recorded weight closest to the sleep study within 6 weeks. Patient height values were accepted within 2 years; 92.0% of sleep studies had valid BMI measures.
Analysis of trends over time was based on monthly data. We performed a regression analysis of volume, demographics, BMI, and each mean complexity index for the entire time interval. Additional regression models of comorbidity indices over time adjusting for age, sex, BMI, and race were developed. Data are displayed in tables according to first and last year of analysis. However, statistical significance was based on a Student t test assessing for a non-zero slope of the regression line across the entire study period. Because the PSGCI is calculated as a score from 0 to 3, we performed an analysis of variance comparing the mean comorbidity indices and the sleep study complexity index for each level of PSGCI. All analyses were performed using SAS 9.4 (SAS Institute, Cary, North Carolina, United States). The conduct of this study was approved by the Mayo Clinic Institutional Review Board.
R ESU LT S
Our sample consisted of 43,780 patients who underwent polysomnography between January 2005 through June 2015 at the Center for Sleep Medicine Laboratory, Mayo Clinic, Rochester, Minnesota. Table 2 summarizes the volume of sleep studies, mean morbidity scores, sleep complexity index, and demographic characteristics (age, sex, patient residence), overall and for each of the first and last year. A total of 90.9% of patients underwent a single sleep study, whereas 8.1% underwent two studies in the 10.5-year timeframe. One patient underwent six studies and four patients had five. The overall mean age of the patients undergoing attended polysomnography between January 2005 and June 2015 was 58.2 years with a monthly average ranging between 55.7 and 60.7 years. There was equal distribution of the sample among age groups older than 50 years. Of the overall sample, 39.8% were female. The overall mean BMI was 33.2 kg/m 2 with monthly average ranging between 32.1 and 35.2 kg/m 2 . Over time the demographics showed that our patients became significantly older, more female, included more non-white patients, and increased allocation of "unknown" toward "white" patients. There was a significant, but small, decrease in mean BMI, with more underweight and fewer obese patients seen over time. Any change in geographic origin over time was also small with a higher proportion of local patients being seen recently. 5% per year). The Charlson index increased 0.029 units per year (P < .001) and the Elixhauser increased 0.045 units per year (P < .001) based on regression analysis. These significant changes in morbidity annually were also present in the regression analyses adjusted for age, sex, BMI, and race. Meanwhile, volumes were essentially flat (3,943 to 3,774 studies in same timeframes). Sleep study complexity based on the Likert scale also increased at a small, but significant trend moving from a monthly mean of 3.89 in the first year to a monthly mean of 4.02 in the final year of our assessment. Table 3 presents the percent of patients with specific comorbidities overall, in the first and last year, as well as the change per year based on the regression over time. Significant increases in prevalence over time occurred for peripheral vascular disease, moderate/severe renal disease, mild liver disease, dementia, prior myocardial infarct, and hemiplegia. Meanwhile, no significant increases were seen for the percent of patients with chronic obstructive lung disease, diabetes, cerebrovascular disease, or ulcers.
For the separate sample of 320 patients who underwent attended polysomnography during the months of October and November 2015, mean Charlson and Elixhauser comorbidity indices were compared across levels of the PSGCI. Table 4 summarizes the volume of sleep studies and demographic data for this subset of the study sample. As seen in Figure 3 , the mean Charlson comorbidity index was similar at PSGCI levels 0, 1, and 2, but substantially higher at level 3 (P < .001). Meanwhile, the Elixhauser comorbidity index was significantly higher for PSGCI level 3 than for levels 0 and 1 (P < .001).
DISCUSSI ON
We have shown that the complexity of patients undergoing polysomnography, as reflected by the Charlson and Elixhauser comorbidity indices, has increased approximately 30% over a 10-year period. We have also shown that there is a correlation between these indices and the care requirements during polysomnography as reflected by the PSGCI, suggesting this also has increased over the recent decade. Furthermore, the complexity of studies being performed as reflected by our sleep study complexity score ( Table 1 ) also increased over this decade. These results all support our hypotheses that the complexity of patients being studied in sleep laboratories is increasing and suggest that, despite many improvements in the technology associated with polysomnography and positive airway pressure therapy, the care requirements for patients during testing are also increasing over time.
Ours is the first study to examine the complexity of patients seen in a sleep center using standardized comorbidity measures either cross-sectionally or over time. Prior related work had examined increasing obesity and its effect on the increased severity of OSA over time, but these studies had not examined other diagnoses as contributors to morbidity nor did the study populations include patients who were studied for nonbreathing sleep-related disorders such as parasomnias. 20, 21 Our data indicate that over time there has been an increase in the medical complexity of the patients studied in our sleep center. This could be for a variety of reasons. We had posited that as less complicated patients receive HSAT for the diagnosis of OSA, that more complicated patients would aggregate into our sleep center. This seems likely. However, although there was a nearly 500% increase in use of HSAT at our facility during this period, HSAT made up a very small volume (< 5%) of overall tests performed during the study period. Our results might be anticipated to show even higher rises in complexity in communities with faster growth in HSAT utilization. Because we are unable to discern the influence of HSAT utilization by referring communities on our sleep center population, we must consider alternative explanations for the increase in comorbidity at our sleep center.
Other studies have suggested significant increases in the prevalence of chronic diseases in more general patient populations. However, this general trend would not change the conclusion of our study that patient comorbidity has increased in the sleep study population. 22, 23 It is also likely that more conditions are being diagnosed because of better and improved testing, medical care, and documentation of diagnoses. 24 Further research might look into similar profiles for patients being Values are presented as the percent of the sample that had the comorbidity. studied with home sleep apnea tests to corroborate or provide alternative interpretations of these results. We also considered that demographics changed over the studied interval. With an aging population, one might expect that there would be an associated increase in comorbidity. However, even though we saw statistically significant differences in patient demographics (age, race, BMI, and sex), a regression analysis adjusting for these factors still demonstrated a significant increase in comorbidity burden with both Charlson and Elixhauser indices. One noteworthy finding was a decline in BMI over the interval during a time when national BMI was increasing.
We gathered the PSGCI data for a period of 1 month for patients studied in the laboratory and found that patients with the highest PSGCI had significantly higher comorbidity indices (Figure 3) . The PSGCI is a practical tool developed to assist us in anticipating staffing needs and room assignment during polysomnography operations. We have found that patients who require assistance to reduce risk of falls, who require assistance from a caregiver for emotional, behavioral, or clinical reasons, or those who require extra monitoring or therapeutic interventions, require greater personal attention from our technologists, and often require special equipment such as lift assist devices. Although the PSGCI utilizes information from the polysomnography order set to anticipate staffing and care requirements, one of the inherent limitations is that this score will miss any pertinent clinical detail not captured in the order set. However, using medical diagnoses or comorbidity indexes alone to anticipate needs has limitations as well, because it is not clear that the patient's comorbidities translate directly into the need for extra care such as fall precautions or other assistance. We think that a practical score such as the PSGCI has more application in the day-to-day operations of a sleep laboratory than do other indices based on historical data.
We also examined sleep study complexity over time based on clinical assessment of the type of study protocol and the type of positive pressure airway therapy used ( Table 1 ). This measure also increased over time, supporting our hypothesis. In addition, this rating correlated with the PSGCI, thereby providing some validation to that index. One potential limitation with this aspect of our analyses is the underlying assumption that a study that used different types of PAP therapy was a more complicated study than a diagnostic-only study, which may not always be true. Further study protocols are modified based on the instructions from the ordering provider and hence it is conceivable that a pulmonologist may order a study involving a more complex PAP titration, whereas a neurologist may involve a study with a more detailed parasomnia protocol. Hence, the complexity of studies may vary depending on the type of providers requesting the study. Because we are a multispecialty provider group, this may be a significant limitation. Our research has several other limitations. We used data from the Mayo Clinic Center for Sleep Medicine, which is associated with a tertiary care academic medical center. Although over one-third of patients evaluated in the sleep center come from our employee and community populations, we are a regional, national, and international referral center. These same data may not be generalizable to smaller academic laboratories or nonacademic community sleep laboratories. Our patient demographics may also differ from that of other sleep laboratories. Another factor to consider is whether the indications for polysomnography might have changed over the study interval. The Center for Sleep Medicine is accredited by the AASM, which required adhering to practice guidelines of that organization. Indications for polysomnography did not change over that interval either in guideline or in practice at our institution. It is also not possible to discern whether a driving factor of increasing complexity of sleep center patients relates to changes in the overall complexity of Mayo Clinic patients. However, if that were the case, it only provides a more proximal reason for why the patients seen in our sleep center have increased in complexity; the less complex are having their sleep issues addressed in their local communities. Another factor that could affect the generalizability of these results is insurance guidelines and insurancemandated HSAT, which is a significant consideration in some United States populations.
Importance/Significance
This research has several important implications. Whether the reason is an increase in HSAT utilization or other causes, our results suggest that the complexity of patients at attended sleep centers has increased over the 10-year period. This has implications for sleep center protocols, and technical and staff requirements for patients, as well as for insurance companies and health care systems that set reimbursement policies based on patient mixes. First, if the complexity of patients being studied in the sleep laboratory is increasing, our practice model for sleep laboratories will require modification to accommodate these complex patients. These changes will include increasing the clinical capabilities of sleep laboratories and addressing training and staffing needs. Currently the AASM guidelines recommend a 2:1 staffing ratio for technologists and patients. With increasing financial pressures, it will be helpful to be able to predict staffing needs reliably so that sleep laboratories are not overstaffed or understaffed, on a given night. For example, under some circumstances, low complexity patients may be appropriate for a 3:1 technologist ratio or employment of less extensively trained or experienced technologists. At the other extreme, for some patients a 1:1 ratio or employment of more highly trained nighttime health care workers, or testing in a setting other than the ambulatory sleep laboratory, may be required for a safe and successful sleep study. Sleep laboratories may need specialized equipment in the form of patient lifts, large beds with special hospital bed-like features, and more trained clinical staff. Although all patients who are now studied with in-laboratory polysomnography may not need a greater level of care, some of them likely will.
Second, we believe that the development of an index that allows sleep laboratories to stratify patients at risk for greater technical and/or nursing care will help assist with tailoring staffing and/or equipment needs. Our first model for this index, the PSGCI, is computed from the order set for a polysomnography ahead of the patient's study in the laboratory. It appears that reviewing the order in advance of the scheduled sleep study may allow the laboratory manager to determine what level of staffing the patient is likely to need for the night of his or her sleep study. Some patients may need 1:1 technologist to patient staffing, whereas others may need some clinical care through the night. Further refinement of equipment needs likely depends on other clinical factors, such as mobility, need for assistance, or behavioral care needs. Although the current policy in most sleep laboratories is not to provide clinical care, this may need to change to continue to deliver high-quality studies and be focused on patients who may have needs that exceed those of prior predominantly ambulatory patients.
From a cost, quality, and access standpoint, this research has far-reaching implications. From a cost standpoint, attended in-laboratory polysomnography will likely become more expensive to health care systems and these costs will be passed on to insurance companies and patients. Insurance companies and Medicare set the reimbursement for most tests using complicated algorithms that account for technical skill, facilities, and clinical and technical staffing and expertise required for the test, as well as the patient mix. Given our results, the reimbursement models for in-laboratory polysomnography may need to be revisited. From a quality standpoint, our research could be extrapolated to argue that to ensure high-quality polysomnography tests for the complex patients now being stratified to in-laboratory studies, sleep centers need to revisit their staffing and clinical capabilities and make adjustments. Finally, from an access standpoint, few laboratories will be financially viable to stay afloat with the increasing technical and clinical requirements of the laboratory, making access more difficult for patients. This may relegate in-laboratory polysomnography testing to tertiary and academic medical sleep laboratories, necessitating the consolidation of smaller sleep laboratories.
CONCLUSI ONS
Our analyses show that the medical complexity of patients being studied with attended in-laboratory polysomnography over a 10-year period in the Mayo Clinic Center for Sleep Medicine has increased. This increased complexity could be secondary to the fact that patients with high pretest probability of sleep apnea and a low comorbidity profile are being studied with HSAT. Currently there is no single score that captures
